Introduction
One of our main interests lies in the field of homogeneous catalysis of butadiene to cis-1,4-polybutadiene, as it has been one of the most regarded materials suitable for many practical applications such as tire, tube and shoes. The development of catalysts plays an important role for efficient control in chain architectures such as stereochemistry, functionality and chain length in polybutadiene synthesis [1] [2] [3] [4] [5] [6] . Recently, tri-dentated pincer ligands have emerged as attractive auxiliary ligands in iron and cobalt based catalysts promoted for olefin and diene polymerizations [7, 8] . We have currently been exploring well-defined cobalt catalysts for (co-) controllable (co- ligand A which forms a labile five-membered-ring chelate with ruthenium, iron and iridium, e.g. {2-diethylamine-6-(N,N-di-tertbutylphosphine)methylpyridine, [14] }, there are also established ligands recently explored in our lab which give rise to various frameworks and the corresponding coordination chemistry e.g. X-ray analysis data were collected on a Bruker SMART APEX diffractometer with a CCD area detector, using graphite monochromated Mo K radiation (λλ = 0.71073 Å).
B{2-diethylamine-6-(N,N-di-tert-
Crystal class and unit cell parameters were determined by the SMART program package.
Reflection data file was yielded from raw frame data by SAINT and SADABS and the structures were solved based on SHELXTL program. Refinement was processed on F 2 anisotropically for all non-hydrogen atoms by the full-matrix least-squares method.
CCDC reference numbers is 1061305 deposited for complexes I. Crystal data and structure refinements were tabulated in table 1.
( Table 1) 2.1. Synthesis and characterization
) was synthesized according to our reported method (scheme 2) [10, 16] .
The 6-bromopyridine-2-carboxylic acid (2.01 g) and phenylenediamine (1.08 g) were homogenized in PPA (20 mL) at sintered ceramic vessel, and reaction was triggered by microwave for 5 mins. The crude product was put into water, neutralized with aqueous sodium carbonate (20.0 wt-%) and extracted by dichloromethane. The collected solid was dissolved in ketone (50 mL) in presence of excess KOH and then methyl iodide (2.6 g) was added for N-methylation overnight. The final product was recrystallized in ethanol (2.60 g, 90% in yield). 
To a mixture of 6-bromo-2-(2'-methyl-2'H-benzoimidazole)pyridine (2.60 g, 10 mmol) 
To a suspension of 6-amino-2-(2'-methyl-2'H-benzoimidazole)pyridine (1.12, 5.0 mmol) in toluene (50 mL) was sequentially added NEt 3 (1.47 mL, 10 mmol) and 
Polymerization
Polymerization was performed in 100 mL glass bottle capped with rubber (typical example as run 3): A toluene (20 mL) solution of butadiene (0.54 g, 0.01 mmol) was introduced to the glass bottle preloaded with complexes I (2.90 mg, 2.5 µmol), then AlEt 2 Cl (2.0 mmol) was injected for initiating polymerization. After 4 h, the reaction was terminated by acidified methanol (0.5% HCl, 1 mL) containing 1.0% 2,6-di-tert-butyl-4-methylphenol, and the polymer precipitate was collected by filtration, washed with methanol (10 mL) and dried in vacuum at 50°C to a constant weight (0.53g, 99% in yield).
Results and discussion

Synthesis and characterization of ligand and complexes
The PN 
Crystal structure description
The X-ray study of I co-crystallized as green crystals in the centrosymmetric space group P-1 with one molecule of independent DMF in each unit. The crystal structure reveals that one ligand in each unit is oxidized, and the other is intact, therefore, three crystallographically independent molecules (PN Table 2) ( Table 3) 
Butadiene polymerization
The polymerization results in this manuscript discussed are included of the effects of cocatalyst, monomer concentration and polymerization temperature. The polymerization parameters and polymerization results were collected in table 4, and those of CoCl 2 /AlEt 2 Cl were also added for comparison (run 11). We begin our study with , and the open space around the metal center after oxidation responsible for increased polymer productivity. The polymerization temperature has affected the catalytic selectivity and activity. The optimal performances are achieved at 25°C, the polymer yield was decreased both at 0°C and 50°C, interestingly, the selectivity is found to increase in the reversed trend of temperature with 97.7% of cis-1,4 selectivity observed at 0°C (run 5), which can be justified by the diene mechanism proposed by the L. Friebe: the kinetically controlled product cis-1,4 enchained polymer originated from anti-allylic polymer terminal bond to metal center favored at lower polymerization temperature [22] [23] [24] . The effect of monomer concentration on catalysis is also investigated (run [7] [8] , and the productivity improves with higher monomer concentration, and the selectivity is also benefited slightly due to the fact that the faster monomer insertion rate could lead to kinetically favored anti π-allylic intermediate for higher cis-1,4 selectivity [22, 24] . supported systems [20] [21] , in particular, the activity is slightly improved by introducing a labile phosphine coordinative atom.
( Table 4 13 .7080 (7) b (Å) 13 .7434 (13) c (Å) 14 .8577 (13) 
